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Section 2
Alternatives Analysis
As described in Section 1, nine alternatives were initially identified to accomplish the purpose of and
need for the Luce Bayou Interbasin Transfer Project and provide for the transfer of water from the
Trinity River to Lake Houston or the City of Houston NEWPP.  The environmental constraints analysis
presented in Section 1 quantitatively addressed these nine alternatives.  The alternatives that
represent favorable construction and environmental impacts based on the criteria selected for
analysis (Alternatives 2 and 3) were identified and are to be evaluated in more detail in this section.
As warranted based on available data, detailed analyses presented below were conducted within the
area of impact defined as a 300-foot corridor centered along the centerline of Alternative 2 and 3.

It should be noted that the alignments of the proposed Alternatives 2 and 3 are preliminary.  The final
alignments of these alternatives would be refined after more detailed analysis is completed to avoid
environmental impacts (i.e. floodplain, wetlands, archaeological, threatened and endangered species,
and the golf course) to the extent possible.

2.1 Alternatives Analysis

For the alternatives analysis conducted for Alternatives 2 and 3, recent topographic maps, soil survey
maps, floodplain maps from FEMA and TSARP data, NWI maps, aerial photographs (2004), and
stream segment maps were obtained and reviewed.  Oil and gas location maps were obtained from a
private vendor, GeoMap® Inc., and public records from the RRC of Texas were also obtained and
reviewed.  Cultural resource investigations conducted for the Luce Bayou project were obtained and
examined, and recorded archeological site locations were identified.

The alternatives analysis provided in this section focuses on Alternatives 2 and 3 specifically the area
of impact defined as within 150 feet on each side of the centerline of each alternative (i.e., 300-foot
corridor).  Similar to Section 1, the alternatives analysis is a desktop study conducted at a broad scale
to select the alternative for further study consideration.  As such, this analysis was conducted with the
best available data assuming a reasonable level of accuracy for this phase of the analysis.  In
general, field verification was not conducted, although limited field reconnaissance from available
roadways was performed and consultation with resource and regulatory agencies was initiated.

2.1.1 Prime Farmland Soils

Prime farmland soil information was obtained from the USDA NRCS soil surveys for Harris and
Liberty Counties.  Prime farmland would either be impacted by subterraneous pipeline, constructed
water channel, or an existing watercourse with some expected widening. Exhibit 7 shows areas
where the evaluated alternatives traverse prime farmland.  Acres of prime farmland soils to be
impacted for Alternatives 2 and 3 were examined by plotting the soil mapping units from the NRCS
1996 Soil Survey of Liberty County and 1976 Soil Survey of Harris County into ArcGIS within the
300-foot area of impact.  The soil surveys were used to categorize soils as prime farmland soils.

Prime farmland soils that would be affected by Alternative 2 includes:  Aldine silt loam, 0 to 2 percent
slopes (AdA), Waller Loam (Wa), Vamont clay, 1 to 3 percent slopes (VaA), Waller-Dallardville
complex (Wd), Waller-Kirbyville complex (Wk), Sorter loam (Sb), Kirbyville fine sandy loam (Kr), and
Owentown fine sandy loam, occasionally flooded (Oz), a total of approximately 1,914 acres of prime
farmland soils.  The prime farmland soils that would be affected by Alternative 3 include: AdA, Wa,
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VaA, Wk, Wd, Sb, League clay, 0 to 1 percent slopes (LaA), Bernard-Morey complex (BmA),
Beaumont Clay (Ba), Mocarey-Yeaton complex (My), Bevil silty clay, depressional (Vd), Vamont Clay,
1 to 3 percent slopes (VaB), Midland silty clay loam/Verland silty clay loam (Md), and Lake Charles
Clay, 0 to 1 percent slopes (LcA), a total of approximately 1,754 acres of prime farmland soils.

A portion of the alternatives would be subterraneous or in existing watercourse channels; therefore,
these portions of the alternatives would most likely have minimal impacts to farmlands.  However, an
approximate 16,000-foot section of Alternative 2 and 122,500-foot section of Alternative 3 would be a
constructed water canal, permanently removing existing prime farmland.

Aerial photography and appraisal districts maps were examined to identify agricultural areas or farms
that might be divided by the channel or pipeline.  Alternative 2 would divide one farm that appears to
be used for tree farming.  Minimal farm damage is expected by Alternative 2 because a majority of
the property is already divided by Luce Bayou.  Alternative 3 would impact a total of six farms
including farms that appear to be used for tree farming, rice farming, soybeans and other crops, or
are identified by the Liberty County Appraisal District as property in agricultural, horticulture or forest
production.

2.1.2 Threatened and Endangered Species

The 1973 Endangered Species Act (ESA) regulates a wide range of activities affecting flora and
fauna classified as endangered or threatened.  Reauthorized in 1988, provisions of the act apply only
to species listed in the Federal Register as endangered or threatened.  Under the provisions of the
ESA, all federal agencies are required to undertake programs for conservation of threatened and
endangered species and are prohibited from authorizing, funding, or carrying out actions that would
jeopardize a listed species or destroy or alter its critical habitat.

The USFWS and the National Marine Fisheries Service (NMFS) share responsibility for
administration of the ESA.  In general, the USFWS is responsible for terrestrial and freshwater
species and migratory birds, while the NMFS regulates and protects marine species and anadromous
fish.

The State of Texas also has enacted laws regulating threatened and endangered species.  In 1973,
the Texas legislature authorized the Texas Parks and Wildlife Department (TPWD) to establish a list
of endangered and threatened animals in the state.  TPWD regulations prohibit the taking,
possession, transportation, or sale of species designated by state law as endangered or threatened
without a permit.  State laws and regulations prohibit commerce in threatened and endangered plants
and the collection of listed species on public land without a permit issued by TPWD.  These laws
apply to individuals, municipalities, and all organizations.

The potential presence of federal and state listed threatened and endangered species and species of
concern were evaluated using data from USFWS and TPWD websites.  Data from the TPWD Natural
Diversity Database (NDD) was also obtained for known elements of occurrence for the area
surrounding the Alternatives 2 and 3.  A map of the locations of the NDD elements of occurrence is
presented in Exhibit 8.  The elements of occurrence listed by the NDD in the vicinity of Alternatives 2
and 3 are primarily located adjacent to the Trinity River.  Elements of occurrence depicted on
Exhibit 8 are for planning purposes only.  The data should not be reproduced or made available for
public viewing.  A list of threatened and endangered species occurring in Harris and Liberty Counties
was compiled, which includes the generalized habitat preferences of each species (Table 4).  Habitat
preferences were compared to habitats interpreted from aerial photographs and National Oceanic
and Atmospheric Administration (NOAA) GIS land cover data in order to predict the potential
presence of these species.
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Alternatives 2 and 3 are in relative proximity, and, in some areas, share a common corridor; therefore,
plant and animal species potentially inhabiting the area of impact for each alternative may be the
same.  There are three species listed as federally threatened or endangered in Harris and Liberty
Counties, while 49 species are listed as state threatened, endangered, or as a species of concern in
the two counties. Table 4 lists the species, the county of listed occurrence, the species’ state and/or
federal status, habitat preference, and if that species’ habitat could be interpreted by NOAA land
cover data as occurring in the project area.  Of the species listed on the TPWD county lists and the
USFWS-Southwest Region county lists, 29 species have potential habitat in the vicinity of
Alternatives 2 and 3.

Table 4.  State and Federal Listed Species Known to Occur in Liberty and Harris Counties

Common Name Scientific Name State
Status1

Federal
Status2

County of
Occurrence Habitat Description

Habitat
Potentially

Present

Amphibians

Houston Toad Bufo houstonensis E Harris &
Liberty

Sandy soil, breeds in ephemeral
pools No

Birds
Artic Peregrine
Falcon

Falco peregrinus
tundrius T Harris &

Liberty
Potential migrant; winters along
Texas Gulf Coast Yes

Bachman’s Sparrow Aimophila aestivalis T Liberty Scattered bushes, overgrown
hills or fields Yes

Bald Eagle Haliaeetus
leucocephalus T T, PDL Harris &

Liberty
Near rivers, lakes; nests in large
trees Yes

Black Rail Laterallus jamaicensis SOC Harris Salt, brackish, freshwater
marshes No

Brown Pelican Pelecanus occidentalis E Harris Coastal and near shore areas No

Henslow’s Sparrow Ammodramus henslowii SOC Harris &
Liberty Weedy fields Yes

Mountain Plover Charadrius montanus SOC Harris Plains and prairies Yes

Red-Cockaded
Woodpecker Picoides borealis E E Harris &

Liberty Cavity nests in older pine Yes

Southeastern Snowy
Plover

Charadrius
alexandrinus
tenuirostris

SOC Harris Wintering migrant along Texas
Gulf Coast No

Swallow-Tailed Kite Elanoides forficatus T Liberty Lowland forested region Yes

White-Faced Ibis Plegadis chihi T Harris &
Liberty

Prefers freshwater marshes,
sloughs and irrigated rice fields Yes

White-Tailed Hawk Buteo albicaudatus T Harris Prairies, mesquite and oak scrub
or savannahs Yes

Whooping Crane Grus americana E Harris Potential migrant via plains
throughout most of the state No

Wood Stork Mycteria americana T Harris &
Liberty

Roots in tall snags and forages in
shallow standing water. Yes
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Table 4.  State and Federal Listed Species Known to Occur in Liberty and Harris Counties (continued)

Common Name Scientific Name State
Status1

Federal
Status2

County of
Occurrence Habitat Description

Habitat
Potentially

Present

Fish

American Eel Anguilla rostrata SOC Harris &
Liberty

Muddy bottoms, still waters, large
streams, lakes, brackish
estuaries with access to ocean

No

Creek Chubsucker Erimyzon oblongus T Harris &
Liberty

Variety of small rivers and
creeks, prefers headwaters Yes

Paddlefish Polyodon spathula T Liberty
Large, free-flowing rivers, also
frequents impoundments with
access to spawning areas

Yes

Mammals

Black Bear Ursus americanus T Harris &
Liberty

Bottomland hardwoods; large,
undisturbed forests No

Louisiana Black Bear Ursus americanus
luteolus T Liberty Bottomland hardwoods; large,

undisturbed forests No

Plains Spotted Skunk Spilogale putorius
interrupta SOC Harris &

Liberty
General; woods, fields, prairies,
shrub Yes

Rafinesque’s Big-
eared Bat

Corynorhinus
rafinesquii T Harris &

Liberty

Cavity trees in hardwood forest,
concrete culverts, abandoned
buildings

Yes

Southeastern Myotis Myotis austroriparius SOC Harris &
Liberty

Cavity trees in hardwood forest,
concrete culverts, abandoned
buildings

Yes

Mollusks

Little Spectaclecase Villosa lienosa SOC Harris &
Liberty

Creeks, rivers, reservoirs, sandy
substrates in slight to moderate
current, usually along banks

Yes

Louisiana Pigtoe Pleurobema riddellii SOC Harris &
Liberty

Streams and moderate-size
rivers; usually flowing water on
substrates of mud, sand, and
gravel

Yes

Pistolgrip Tritogonia verrucosa SOC Harris &
Liberty

Large rivers with rock, hard mud,
silt, and soft bottoms, often
buried deeply

Yes

Rock-Pocketbook Arcidens confragosus SOC Harris &
Liberty

Mud, sand, and gravel substrates
of medium to large rivers in
standing or slow flowing waters

Yes

Sandbank
Pocketbook Lampsilis satura SOC Harris &

Liberty

Small to large rivers with
moderate flows and swift current
on gravel, gravel-sand, and sand
bottoms

Yes

Texas Pigtoe Fusconaia askewi SOC Harris &
Liberty

Rivers with mixed mud, sand,
and fine gravel in protected areas Yes

Wabash Pigtoe Fusconaia flava SOC Harris &
Liberty

Creeks to large rivers; mud, sand
and gravel, not in deep shifting
sands.

Yes

Creeper Strophitus undulatus SOC Liberty
Small to large streams with
gravel or gravel and mud
substrates

Yes

Fawnsfoot Truncilla donaciformis SOC Liberty
Small and large rivers with a
variety of substrates and flow
conditions

Yes
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Table 4.  State and Federal Listed Species Known to Occur in Liberty and Harris Counties (continued)

Common Name Scientific Name State
Status1

Federal
Status2

County of
Occurrence Habitat Description

Habitat
Potentially

Present

Texas Heelsplitter Potamilus
amphichaenus SOC Liberty

Quiet steams, rivers, and
reservoirs with mud or sand
substrates

Yes

Reptiles
Alligator Snapping
Turtle Macrochelys temminckii T Harris &

Liberty Deep water of rivers and canals Yes

Atlantic Hawksbill
Sea Turtle Eretmochelys imbricata E Harris Gulf and bay system No

Green Sea Turtle Chelonia mydas T Harris Gulf and bay system No

Leatherback Sea
Turtle Dermochelys coriacea E Harris Gulf and bay system No

Loggerhead Sea
Turtle Caretta caretta T Harris Gulf and bay system No

Smooth Green
Snake Liochlorophis vernalis T Harris Gulf coastal prairies, prefers

dense vegetation No

Texas Horned Lizard Phrynosoma cornutum T Harris &
Liberty

Open, semi-arid regions, with
bunch grass No

Timber/Canebrake
Rattlesnake Crotalus horridus T Harris &

Liberty
Swamps/floodplains of
hardwood/upland pine Yes

Louisiana Pine
Snake Pituophis ruthveni T Liberty Mixed deciduous/longleaf pine

woodlands No

Northern Scarlet
Snake Cemophora coccinea T Liberty Mixed hardwood scrub on sandy

soils Yes

Vascular Plants

Coastal Gay-feather Liatris bracteata SOC Harris Black clay soil of coastal prairie
remnants No

Houston Daisy Rayjacksonia aurea SOC Harris Seasonally wet, saline barren
areas No

Texas Meadow-rue Thalictrum texanum SOC Harris Mesic woodlands, partially
shaded ditches Yes

Texas Prairie Dawn Hymenoxys texana E E Harris Poorly drained areas in open
grasslands; pimple mounds No

Texas Windmill-grass Chloris texensis SOC Harris Sand/sandy loam in open/barren
grasslands No

Threeflower
Broomweed Thurovia triflora SOC Harris Black clay soil of remnant

grasslands No

Source: 1TPWD 2006, 2 USFWS 2006
Notes: E = Endangered T = Threatened SOC = Species of Concern

The elements of occurrence listed by the NDD as occurring in the vicinity of Alternatives 2 and 3 are
located adjacent to the Trinity River.  The only state and/or federally-listed species identified by the
NDD is the Bald Eagle (Haliaeetus leucocephalus).  In addition to listed species, the NDD also
includes information on colonial waterbird rookeries, special vegetation communities, and migratory
bird fallout areas.  A rookery has been reported along the Trinity River and water/willow oak (Quercus
nigra/Quereus phellos) dominated vegetational series are reported as also occurring in the vicinity of
the Trinity River.
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2.1.3 Sensitive or Critical Terrestrial and Aquatic Habitat

The Luce Bayou Interbasin Transfer project is located within the Austroriparian biotic province of East
Texas.  The Austroriparian province encompasses the Gulf coastal plain from extreme east Texas to
the Atlantic Ocean.  Typical vegetation types of this biotic province include longleaf pine (Pinus
palustris) and loblolly pine (Pinus taeda) and hardwood forests variously consisting of sweetgum
(Liquidambar styraciflua), post oak (Quercus stellata), and blackjack oak (Quercus marilandica).
Lowland hardwood forests of this province are typically characterized by magnolia (Magnolia
grandiflora), tupelo (Nyssa sylvatica), and water oak in addition to the trees mentioned above.
According to TPWD’s Vegetation Types of Texas (1984), portions of the alternatives nearest the
Trinity River are listed as Willow Oak – Water Oak – Black Gum Forest.  The remainder of the area
within the alternative alignment is divided between cropland in the southern portion and pine-
hardwood forest in the northern portion.

Vegetative habitats were analyzed using land cover data produced by the NOAA in 2001
(NLCD 2001).  These data were created using 30-meter resolution Landsat Thematic Mapper and
Landsat Enhanced Thematic Mapper satellite imagery.  NOAA produced these data for the Coastal
Change Analysis Program, a nationally standardized database of land cover information for coastal
regions of the U.S.

These data show that 18 discrete land cover types are located along the alternative alignment.  A list
and description of the 18 discrete land covers are presented in Table 5.  The distribution of land cover
is shown on Exhibit 9.  These land cover types acreages were quantified within the area of impact
(i.e., within the 300-foot corridor centered on the each of the two alternative centerlines).

The most abundant land cover listed for the area of both project alternatives is palustrine forested
wetlands.  Both alternatives contain relatively small areas classified as developed, but Alternative 3
contains larger areas used for cultivated crops and pasture/hay.  In addition to descriptions of each
land cover, Table 5 also lists the acres of each land cover type found within the area of impact.
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Table 5.  Land Cover Data for the Alternatives

Land Cover
Type Description

Alternatives
(acres)

2 3

Developed,
High Intensity

Highly developed areas where people reside or work in high numbers.  Impervious
surfaces account for 80 to 100 percent of the total cover. 0 0

Developed,
Medium Intensity

Areas with a mixture of constructed materials and vegetation.  Impervious surfaces
account for 50 to 79 percent of the total cover. 0 0.03

Developed,
Low Intensity

Areas with a mixture of constructed materials and vegetation.  Impervious surfaces
account for 21 to 49 percent of total cover. 2.92 2.43

Developed,
Open Space

Areas with some constructed materials but composed primarily of vegetation in the form
of lawn grasses.  Impervious surfaces account for less than 20 percent of total cover. 0.85 25.19

Cultivated Crops Areas used for the production of annual crops. Crop vegetation accounts for greater than
20 percent of total vegetation.  This class also includes all land being actively tilled. 0 68.71

Pasture/Hay
Untilled areas of grasses, legumes, or grass-legume mixtures planted for grazing or the
production hay crops.  Pasture/hay vegetation accounts for greater than 20 percent of
total vegetation.

0.28 77.76

Grassland/
Herbaceous

Areas with 80 percent or greater herbaceous vegetation.  These areas are not subject to
intensive management such as tilling, but can be utilized for grazing. 38.57 34.61

Deciduous Forest
Areas dominated by trees generally greater than five meters tall and greater than
20 percent of total vegetation cover.  More than 75 percent of trees shed foliage
simultaneously

0.17 5.73

Evergreen Forest
Areas dominated by trees generally greater than five meters tall and greater than
20 percent of total vegetation cover.  More than 75 percent of trees maintain their leaves
year round

41.59 50.32

Mixed Forest
Areas dominated by trees generally greater than five meters tall, and greater than
20 percent of total vegetation cover.  Neither deciduous nor evergreen trees are greater
than 75 percent of total cover.

104.23 10.03

Scrub/Shrub
Areas dominated by shrubs less than five meters tall with shrub canopy typically greater
than 20 percent of total vegetation.  This class includes tree shrubs, young trees, or
stunted trees.

19.7 45.98

Barren Land Bare areas soil or rock.  Vegetation accounts for less than 10 percent of total cover. 0.01 0.01

Palustrine
Forested Wetland

Wetlands dominated by woody vegetation greater than or equal to 5 meters in height.
Total vegetation coverage is greater than 20 percent. 857.25 511.36

Palustrine Scrub/
Shrub Wetland

Wetlands dominated by woody vegetation less than five meters in height.  Total
vegetation coverage is greater than 20 percent. Species present include true shrubs,
young trees and stunted trees.

9.47 32.04

Palustrine
Emergent Wetland

(Persistent)

Wetlands dominated by persistent emergent vascular plants. Plants generally remain
standing until the next growing season.  Total vegetation cover is greater than
80 percent.

6.04 20.13

Unconsolidated
Shore

Unconsolidated materials such as silt, sand, or gravel subject to inundation and
redistribution due to the action of water. 1.54 2.40

Palustrine
Aquatic Bed

Includes wetlands and deepwater habitats dominated by plants that grow and form a
continuous cover principally on or at the surface of the water.  Total vegetation cover is
greater than 80 percent.

3.14 7.75

Open Water All areas of open water, generally with less than 25 percent cover of vegetation or soil. 24.29 12.480

Total 1110.05 906.96

Source:  National Land Cover Database (NLCD) 2001
Note: Areas were calculated using a 300-foot wide corridor centered on the project alternative centerline.
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Resource agencies typically express interest in vegetation communities perceived as being especially
rare, susceptible to disturbance, or ecologically valuable.  One such community is mature, deciduous,
riparian forest (bottomland hardwood forest).  To quantify areas that are likely to contain deciduous
riparian forest, areas classified by the NOAA land cover data as deciduous forest, mixed forest, and
palustrine forested wetland within the FEMA 100-year floodplain were quantified. Table 6 lists the
estimated acreages of potential deciduous riparian forest within the 100-year floodplain and within the
area of impact within the 300-foot corridor centered along each alternative.  The Alternative 2 corridor
contains 700.45 acres or 442 percent more land identified as deciduous riparian forest as compared
to the Alternative 3 corridor.

Table 6.  Areas of Deciduous Riparian Forest within the 100-Year Floodplain

NOAA Land Cover Type
Area within 100-year Floodplain (Acres)

Alternative 2 Alternative 3

Deciduous Forest 0.17 1.97

Mixed Forest 97.72 4.06

Palustrine Forested
Wetland 602.56 123.28

Total 700.45 129.30
Source:  NLCD 2001, FEMA 1995

2.1.4 Waters of the United States, Including Wetlands

As discussed in Section 1.1.3, waters of the United States, including wetlands, are protected under
the Clean Water Act and the Rivers and Harbors Act and are regulated by USACE.  The USACE is
responsible for determining jurisdiction and issuing permits.

For this portion of the alternatives analysis, potential waters of the United States, including wetlands,
were quantified using USFWS NWI maps, the USGS NHD, and FEMA floodplain maps (Exhibit 10).
Additional data collection, field investigations, and environmental and engineering data analyses were
conducted to demonstrate that impacts to wetlands and other jurisdictional waters of the United
States would be avoided to the extent practicable, minimized to the extent appropriate and
practicable, and that compensatory mitigation for unavoidable adverse impacts would offset the loss
of wetland functions and values to the extent appropriate and practicable.

Alternative 2 would be partially constructed within a jurisdictional waterbody, Luce Bayou, thereby
intersecting only one waterbody.  Alternative 3 would intersect a greater number of drainage or canal
crossings (5) because it would traverse an agricultural area serviced by irrigation canals.
Alternative 2 may impact approximately 122,640 linear feet (23.2 miles) of Luce Bayou and
associated tributaries, while Alternative 3 may impact approximately 38,520 linear feet (7.3 miles) of
waterbodies, which includes natural and constructed drainage ways.

The acreage of NWI wetlands within a 300-foot area of impact was calculated to determine potential
wetland impacts.  To quantify the acreage of potential USACE jurisdictional wetlands within the
candidate alternatives, only the NWI wetlands located within the 100-year floodplain were included in
the acreage calculation.  Alternative 2 has a greater amount of NWI wetlands within its corridor.  A
greater percentage of Alternative 2 also lies within the 100-year floodplain; therefore, a greater
percentage of the NWI wetlands along Alternative 2 could potentially be considered jurisdictional by
the USACE.  A map of NWI wetlands along the alternatives is presented in Exhibit 10. Table 7
presents the acreage of NWI wetlands, NWI wetlands within the 100-year floodplain, and the linear
feet of waterbodies impacted by each alternative.
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Table 7.  Wetlands and Waters of the United States

Alternative Two Alternative Three

NHD Dataset

Number of waterbody crossings
using NHD dataset 1 5

Linear feet of stream affected
using NHD dataset 122,640 feet 38,520 feet

NWI Wetlands

NWI Wetlands 234.39 232.38

NWI Wetlands classified by NLCD
as a cultivated field 0 22.62

NWI Wetlands Within the 100-year
Floodplain 212.63 59.77

NWI Wetlands within the 100-year
floodplain and not a cultivated field 212.63 59.77

Source:  NWI 1991, NHD 2006

A small check dam is located within the Luce Bayou channel downstream of the confluence of
Tarkington Bayou with Luce Bayou.  The dam was constructed to create a small impoundment within
the channel to facilitate the pumping of water from Luce Bayou into Reidland reservoir on the south
side of the bayou.  The impounded water within the reservoir is distributed through a system of
irrigation channels, primarily for rice cultivation.  The reservoir remains in active use for agricultural
irrigation.

Alternative 2 would increase flow volumes and velocities within Luce Bayou.  Flow dynamics over the
dam would be altered, potentially destabilizing the banks in the area of the dam.  Removal or
modification of the dam structure may be required to accommodate the changed flow characteristics.
Activities associated with removal or modification of the dam would be expected to involve work
within the jurisdictional channel of Luce Bayou, thereby requiring coordination with the USACE for
permit authorization to conduct the necessary work activities.

Similarly, activities associated with construction of an intake structure and pump station at the Trinity
River would be expected to involve work within the river channel.  Coordination with the USACE
would also be required for permit authorization to conduct the necessary work within this navigable
water of the United States.

2.1.5 Public Parks, Recreational Areas, and Wildlife Management Areas

Public parks, recreation areas, and wildlife management areas were obtained from sources including
LCAD, HCAD, USGS topographic maps, the TXGLO, and the USFWS.  TCB met with USFWS
personnel and received information on the USFWS plans for acquisition of a future wildlife corridor
that would connect to the existing USFWS-managed Trinity River NWR and habitat along the Trinity
River.  The proposed wildlife corridor would surround the existing TRPS and the proposed Capers
Ridge Pump Station. Exhibit 3 shows land currently owned by USFWS and land planned for future
acquisition.

The majority of the area along the alternatives is undeveloped land or land currently used for
residential, agricultural, commercial, and mixed land uses.  Two park-like areas were identified in the



Alternatives Analysis
January 2007 Luce Bayou Interbasin Transfer Project

page 56

vicinity or along the areas of Alternatives 2 and 3.  A portion of the Trinity River NWR is located
approximately 0.8-mile north of the proposed Capers Ridge Pump Station and Alternatives 2 and 3
(Exhibit 3).  A 10,150-foot section of Alternatives 2 and 3 are part of a land acquisition plan by the
USFWS.  The USFWS plan includes acquiring floodplain areas within a corridor identified along the
Trinity River for conservation as part of the Lower Trinity River Floodplain Habitat Stewardship
Program.  These lands would be acquired as funding becomes available.  However, no funding is
currently available and if funding becomes available this land could be purchased in the future.

The second park-like facility identified within the boundaries of Alternatives 2 and 3 is the Lake
Houston Golf Course.  The Lake Houston Golf Course is a privately owned 18-hole golf course
located at 27350 Afton Way in Huffman, Texas.  The golf course is open to the public for golf, or a
membership can be obtained.  The aerial photography shows that several residential homes surround
portions of the golf course.  The current alignment of Alternative 3 bisects the golf course.
Alternative 2 follows the western boundary of the golf course (Exhibit 11).

2.1.6 Surface Water Quality and Floodplains

Luce Bayou and Lake Houston are the primary surface waters potentially affected by Alternatives 2
and 3.  Luce Bayou is estimated to contribute approximately 10 percent of the flows entering Lake
Houston from the major tributary systems that supply water to the lake.  Development within the Luce
Bayou watershed is minimal, thereby limiting the potential introduction of pollutants into the bayou
that could degrade water quality.  The identification of floodplains associated with the Trinity River
and Luce Bayou is used to determine if portions of the project would occur within a mapped
floodplain.  Project activities would need to incorporate floodplain protection requirements mandated
by federal laws and local floodplain management ordinances.

2.1.6.1 Surface Water Quality

The TCEQ routinely monitors surface water quality in the state.  Water quality results for all monitored
stream segments are reported in the TCEQ’s “The State of Texas Water Quality Inventory.”  Sources
for the data include the TCEQ Surface Water Quality Monitoring Program fixed-station network, the
USGS Texas Water Quality Monitoring Network, and data contributed through the Clean Rivers
Program from cities, river authorities, and other local entities.  Luce Bayou (Segment ID 1002B) is a
freshwater stream that fully supports aquatic life and contact recreation uses; fish consumption use
was not assessed.  Concern for aquatic life use was identified because of depressed dissolved
oxygen.  Lake Houston (Segment ID 1002) is a 12,240-acre reservoir fully supporting aquatic life,
contact recreation, public water supply, fish consumption, and general uses.

A study was conducted by Espey Consultants (2006) to assess the potential effects to water quality in
Lake Houston from the transfer of water from the Trinity River basin to the San Jacinto River basin.
The conclusions of the investigation were that the diversion of Trinity River water would have some
beneficial effect on the water quality of Lake Houston, and even though the diversion of Trinity River
water would increase nutrient loading in Lake Houston, the additional flow and nutrient loading would
not be expected to degrade the overall water quality.  The anticipated improvement to Lake Houston
water quality would not be significant because the full amount of water transfer associated with the
project (400 MGD) would represent only 23 percent of the total inflow into Lake Houston.

2.1.6.1.1 Aquatic Health

During 1997-98, the USGS, in cooperation with the Houston-Galveston Area Council (HGAC) and the
TCEQ (formally Texas Natural Resource Conservation Commission), under the authorization of the
Texas Clean Rivers Act, conducted an investigation to assess the status of in-stream biological
resources, including fish and macrobenthic community structure and physical stream habitat
conditions.
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Luce Bayou at Station ID Luce 1280 was selected as a reference site for the investigation.  Numerous
fish species were sampled from the Luce Bayou station, including pickerels, shiner, and sunfish.  The
Ephemeroptera (mayflies) – Plecoptera (stoneflies) –Trichoptera (caddisflies) (EPT) taxa richness
was also calculated.  Because these species are sensitive to water quality, the EPT taxa richness is a
measure of stream water quality.  The EPT taxa richness for the Luce Bayou station is 6.0, with
76 percent of the sampled taxa being EPT taxa.  High numbers of these species within the population
indicates better water quality.

2.1.6.2 Floodplains

Information relative to floodways and floodplains was obtained from the FEMA.  Digital files of the
FEMA-mapped flood hazard areas were overlain on electronic project files to identify areas of the
project that are coincidental with mapped flood hazard areas.  Mapped flood hazard areas are
presented in Exhibit 10.

The floodway and 100-year floodplain associated with the Trinity River and Luce Bayou, as mapped
by the FEMA, are presented in Exhibit 10.  As shown on Exhibit 10, portions of the Trinity River
100-year floodplain in the region of the project are several miles wide.  The 100-year floodplain of
Luce Bayou, which is a smaller watercourse than the Trinity River, is confined to a relatively narrow
area that includes the main channel of Luce Bayou and smaller tributary channels draining into the
bayou.  The exception is the upstream portion of the Luce Bayou watershed between SH 321 and
FM 1008, where the 100-year floodplain is noticeably wider than the downstream.

Total area of Alternatives 2 and 3 within the floodplain is 120,200 linear feet and 23,200 linear feet,
respectively.  Work within the Trinity River floodplain is expected to occur with the construction of the
Capers Ridge Pump Station; however, Capers Ridge is above the 100-year floodplain elevation and,
as such, the majority of the pipeline alignment would be unencumbered by constraints associated
with the mapped Trinity River 100-year floodplain.  The canal section of Alternative 2 that connects
the pipeline to the Luce Bayou channel near SH 321 is primarily located within the mapped 100-year
floodplain of Luce Bayou.

Alternative 2 would convey water from the Trinity River through the Luce Bayou channel beginning
near SH 321.  The remainder of the channel extending to Lake Houston is within the mapped
100-year floodplain.  Hydrologic modeling of the increased flows within Luce Bayou relative to storm
event flows may be necessary to determine if the extent of the 100-year floodplain would be altered
by the diversion of Trinity River water through the existing Luce Bayou channel.  If channel
improvements or reconfiguration of the channel is needed to convey the anticipated flows, modeling
would be necessary to determine how the channel improvements/reconfiguration would affect the
100-year floodplain.

Alternative 3 would convey Trinity River water through a canal that would diverge southward from the
Luce Bayou channel near SH 321.  The majority of the canal would be situated outside the mapped
100-year floodplain of Luce Bayou.  The alignment of Alternative 3 would be refined to avoid and
minimize impacts to the floodplain.  The exception would be the upstream portion where the canal
diverges from the bayou channel near SH 321 (approximately 3,375 linear feet), and the downstream
portion where the canal merges with the bayou channel (approximately 9,750 linear feet).  Hydrologic
modeling would be needed to determine if the diverted Trinity River water would affect the 100-year
floodplain of Luce Bayou downstream of the point where the diverted water enters the bayou.

Both alternatives would involve some construction within the mapped 100-year floodplain.
Alternative 2 would have the greater potential to alter the mapped floodplain of Luce Bayou, as the
bayou channel would be the primary route for conveying the diverted water.  Alternative 3, being
situated primarily outside the mapped floodplain of Luce Bayou, may affect only the lower portion of
the bayou, downstream of the confluence of the canal and Luce Bayou.  Project planning for either
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alternative would need to accommodate regulations, policies, and guidelines for construction within
floodplains and potential changes to area hydrology, drainage, and local geomorphology.

2.1.7 Cultural and Archaeological Resources

Past cultural resources survey reports were reviewed to identify cultural resources in the area of
Alternatives 2 and 3 (Chaffin-Lohse 1978, Moore and Heartfield 1982).  These studies were
performed previously for the Luce Bayou project.  In addition, the online Texas Historical Commission
(THC) Atlas was reviewed to assess the location of historical markers, National Register of Historic
Places properties, national register district, and/or cemeteries.  GIS shapefiles were also obtained
from THC and the files were reviewed to determine whether mapped cultural or archeological
resources were present in the vicinity of Alternatives 2 and 3.  Based on this review of THC files, no
previously recorded historic places or archeological resources were identified in the vicinity of
Alternatives 2 and 3.

Six archaeological sites containing archaeological artifacts such as historic ceramics, glass, wire, and
metal fragments were identified based on the work performed in 1978 (Chaffin-Lohse 1978).  Three of
the sites were disturbed prior to the 1978 investigation.  No further work was recommended for these
sites.  Two of the sites were recommended to be avoided.  The alignment of the Luce Bayou project
at the time of the 1978 study avoided the site.  One site was recommended for further excavations.
This site, 41-LB-41, was investigated further in 1981 and 1982 (Moore and Heartfield 1982).  This
study concluded that the site should not be considered significant, and was not eligible as a State
Archaeological Landmark (SAL) status or for inclusion on the National Register of Historic Places.
Most of the site had already been destroyed by normal erosional processes.  The site is situated at
the Capers Ridge Pump Station location.  Either alternative, Alternative 2 or Alternative 3, would
require the construction of the pump station.  In accordance with the National Historic Preservation
Act of 1966 (as amended) and other laws and regulations, it is recommended that detailed site
investigations be conducted to identify potential project impacts to cultural resources and to further
refine the location of the alternatives.

2.1.8 Environmental Justice and Socioeconomics

Environmental justice and socioeconomic analyses for Alternatives 2 and 3 were calculated as part of
Section 1.1.4. Tables 1 and 2 provide information on the environmental justice and socioeconomic
criteria.

2.1.8.1 Socioeconomic Resources

Race, poverty level, and median income were the socioeconomic criteria evaluated for the two project
alternatives.  One census tract, Census Tract 7009 in Liberty County, exhibited a minority population
greater than 50 percent of the total population.  Alternatives 2 and 3 crossed this census tract for
approximately 74,300 feet and 61,300 feet, respectively.  All populations within the census tracts that
are intersected by Alternatives 2 and 3 have incomes that are above the poverty level and have
higher median incomes compared with the median incomes exhibited by county, state, and national
populations.

Within Liberty County, Census Tracts 7003 and 7009 exhibit higher percentages of LEP and LI
populations than the county average, but are lower than the state and national average.  Census
Tract 2517 in Harris County has a higher percentage population that is LEP.  Both tracts in Harris
County have a higher percentage population that are LI than the county level, but lower than the state
and national level.  Future public information/involvement should consider LEP and LI population.
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2.1.9 Potential Dislocations

Potential dislocation, partial dislocation or disruption of parcels, structures, utility/pipeline easements
and fence lines for Alternatives 2 and 3 were evaluated.  Dislocation counts were based on review of
aerial photographs (TXGLO Landsat 2003, H-GAC 2006 and 2004), and LCAD and HCAD property
records.

Potential residential, farming, agricultural, and other dislocations or relocations for Alternatives 2 and
3 are listed in Table 8 and depicted on Exhibit 11.  The total number of land parcels that would be
impacted by property acquisition for Alternatives 2 and 3 would total 36 and 47, respectively.  As
discussed in Section 2.1.1, Alternatives 2 and 3 would impact agricultural areas or farming
operations.  These agricultural areas or farms could be isolated or impacted by the water canal
because it could divide the existing property or land parcel.  During property acquisition of
property/parcels, access or related dislocation issues could include hydrologic concerns, access
issues at water crossings, or restriction of access of farm equipment to agricultural land.  Alternative 3
would bisect the Lake Houston Golf Course.

Table 8.  Potential Dislocations Along Alternatives Corridors 2 and 3

Number Alternative 2 Alternative 3 Description of Dislocations

1 Y Y Roadway crossing

2 Y Y Roadway crossing

3 Y Y Roadway crossing

4 Y Y Fence crossing

5 Y Y Roadway crossing

6 Y Y Magnolia Pipeline easement

7 Y Y Roadway or fence crossing

8 Y Y Road crossing

9 Y Fence line

10 Y Fence line crossing

11 Y Fence line/ utility crossing

12 Y Fence line crossing

13 Y Agricultural canal and possible fence crossing

14 Y Agricultural canal crossing

15 Y Agricultural canal crossing

16 Y Pond or wetland complex

17 Y Fence line easement along pond/ wetland complex

18 Y Fence line/canal easement

19 Y Fence line

20 Y Fence/utility line

21 Y Fence crossing

22 Y Fence crossing
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Table 8.  Potential Dislocations Along Alternatives Corridors 2 and 3 (continued)

Number Alternative 2 Alternative 3 Description of Dislocations

23 Y Fence crossing

24 Y Fence crossing

25 Y Electrical utility crossing

26 Y Utility crossing

27 Y Utility crossing

28 Y Fence line crossing

29 Y Fence line crossing

30 Y Bridge

31 Y Electrical utility crossing

32 Y Residential home

33 Y Residential home and pool

34 Y Residential home

35 Y Barn/garage on residential property

36 Y Possible residential structure

37 Y Pump at Reidland Reservoir

38 Y Reidland Dam

39 Y Amoco pipeline crossing

40 Y Bridge
Note:  Locations of dislocations were estimated based on aerial photographic review and interpretation.

2.1.10 Oil and Gas Wells

Oil and gas location maps were obtained from a private vendor, GeoMap® Inc., and publicly available
oil and gas records issued by the RCC were also obtained and reviewed.  In general, salt domes and
the associated faulting are sources of oil and gas accumulation and production in the vicinity of
Alternatives 2 and 3.

In Liberty County, prospecting for oil began about 1901, chiefly in the southern part of the county.
Daisetta and Hull became oil towns after a nearby field was discovered in 1918.  Wells were
established at the Old River Lake Field by 1904.  Other wells were drilled and were productive at the
North Dayton, Esperson Dome, Moss Bluff, Davis Hill, and South Liberty Fields in 1925 and at the
Hankamer Field in 1929.  By 1990, oilfields in Liberty County had cumulatively produced almost
496 million barrels of oil, as well as significant amounts of natural gas.  North Dayton Field is located
approximately 1.5 to 4 miles south of Alternatives 2 and 3.

One dry hole in the Jno R. Rhea Survey, A-62, is located north at and approximately 500 feet away
from the centerline of Alternative 2 in the vicinity of the confluence of Luce Bayou with Lake Houston.
This well, the Southern Minerals #1 May, was drilled in 1948 and reached a total depth of 8,865 feet
(GeoMap® 2005).
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Petroleum exploration has occurred throughout the vicinity of Alternatives 2 and 3.  Drilled or
abandoned wells and related facilities may be present in the vicinity of Alternatives 2 and 3.  As such,
it is recommended that detailed site investigations be conducted to identify potential project impacts
related to historic and present-day oil and gas exploration and to further refine the location and
alignment of Alternatives 2 and 3.

2.1.11 Pipelines

Twenty pipelines intersect Alternatives 2 and 3.  These pipelines are located in 12 to 14 pipeline
corridors and, in general, area pipelines provide service to area oil and gas fields.  From south to
north, pipelines owned by the following operators intersect the alternatives and contain a variety of
hydrocarbons including natural gas liquids, natural gas, propylene, propane, crude oil, natural gas
liquids, liquefied petroleum gas, and ethylene.

 TEPPCO Crude Pipeline, LLC

 Kinder Morgan Texas Pipeline, LP

 Mustang Pipeline Company

 Valero Logistics Operations, L.P.

 Kinder Morgan Texas Pipeline, LP

 Black Hills Operating Company LLC

 BP Pipeline (North America Inc)

 Transcontinental Gas Pipeline Company

 Natural Gas Pipeline Company of America

 KOCH Pipeline Company LP

 Chevron Pipeline Company

 Texas Eastern Products Pipeline Company LP

Based on limited field investigations, the inspected pipeline right-of-way appeared mowed and well-
maintained; there were no obvious signs of releases or leaks associated with area pipelines.
However, there are numerous pipeline corridors that intersect Alternatives 2 and 3.  There is the
potential for abandoned or inactive pipelines to be present.  As such, it is recommended that detailed
site investigations be conducted to identify potential project impacts related to pipelines and to further
refine the location and alignment of Alternatives 2 and 3.

2.1.12 Hazardous Materials and Regulated Facilities

Available hazardous waste and regulated facility records from the EPA and TCEQ websites were
obtained as well as the Closed Municipal Solid Waste Landfill Inventory (CMSWLI) maintained by the
HGAC.  These records were reviewed to determine whether regulated facilities are present within 500
feet of the centerline of Alternatives 2 and 3.  No hazardous waste, hazardous materials handling, or
closed municipal landfill inventory sites are present within 500 feet of the centerline of Alternatives 2
and 3 based on the records review conducted.  However, during development of the preferred
alternative alignment, the location of hazardous waste and hazardous materials handling and
permitted facilities should be identified.  Regulatory databases and records such as those identified
below should be collected and reviewed.
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 Emergency Response Notification System (ERNS), U.S. EPA database of emergency response
actions for reported spills of regulated materials

 RCRA Small Quantity Generators database, the U.S. EPA database of sites that create
hazardous waste or meet other RCRA small quantity generator requirements

 No Further Remedial Action Planned (NFRAP), U.S. EPA database of Comprehensive
Environmental Response, Compensation, and Liability Act sites where contamination was
removed quickly or was not considered serious

 Texas Industrial Hazardous Waste Notice of Registration (IHWNOR) database, includes sites
listed in the TCEQ Texas Hazardous Waste Notice of Registration database

 Leaking Petroleum Storage Tanks (LPST), TCEQ database of underground storage tanks that
have reported leaks of petroleum substances

 Registered Petroleum Storage Tanks (PST), TCEQ database of underground storage tanks that
are registered with the state

 State Sites comprising three databases from the TCEQ for (1) state Superfund sites, (2) voluntary
cleanup program sites, and (3) the innocent owner/operator program

In addition, prior to property acquisition, it is recommended that a Phase I Environmental Site
Assessment be conducted in accordance with American Society for Testing and Materials (ASTM)
Standard:  E 1527-06 Standard Practice for Environmental Site Assessments:  Phase I Environmental
Site Assessment Process.  The purpose of a Phase I Environmental Site Assessment would be to
investigate recognized environmental conditions that may be associated with the property under
investigation.  Recognized environmental conditions would be identified based on a review of past
and present land uses and the current conditions of the subject property in order to identify the
presence of hazardous substances or petroleum products that may impact the property.  The term
“recognized environmental conditions” means the presence or likely presence of hazardous
substances or petroleum products at a property.  The term is not intended to include de minimis
environmental conditions that generally do not present a material risk to public health or the
environment.

2.1.13 Mitigation Options

USACE wetland permits often require compensatory mitigation for lost functions and values of
wetlands affected by the project.  A compensatory mitigation plan would likely be required by the
USACE as part of the Section 404 permit review process, and the execution of the approved
mitigation plan would become a condition of the Section 404 permit.  Mitigation requirements could be
satisfied in a variety of ways including wetlands preservation through the establishment of
conservation easements, purchase of wetlands credits at an established mitigation bank,
enhancement and/or restoration of existing wetlands, and construction of new wetlands.  The
approved mitigation plan would provide a detailed discussion of mitigation commitments for
unavoidable impacts to jurisdictional waters of the United States.  Viable mitigation options should be
investigated and discussed with USACE and resource agencies during project planning.  Mitigation
options may include on-site mitigation and off-site mitigation.  Viable wetland mitigation alternatives
should be investigated and evaluated in the mitigation plan.

On-site mitigation may include creation or enhancement of wetlands within the project right-of-way,
which would primarily involve development of wetlands similar in function and value to the wetlands
affected during construction.  On-site mitigation may not be adequate for replacement of all lost
wetland functions and values; it may be considered as a supplement to off-site mitigation.



Alternatives Analysis
January 2007 Luce Bayou Interbasin Transfer Project

page 63

Further coordination with the USACE and resource agencies may result in the elimination of on-site
mitigation as an option, especially if off-site mitigation options more adequately compensate for
effects to wetland functions and values.  Potential off-site areas that could be considered for
enhancement, restoration, and/or preservation include tracts of land within and adjacent to Luce
Bayou, San Jacinto River, or Trinity River floodplains that may be placed under conservation
easement or purchased and placed under perpetual deed restriction.  Other options may include the
purchase of credits from approved wetlands mitigation banks, in-lieu-fee arrangements, wetland
creation, or enhancement of property currently owned and/or managed by resource agencies, Harris
County, or Liberty County.  Offsite wetland mitigation options could include restoration of uplands
surrounding wetland habitat and/or preservation efforts to ensure sufficient hydrology for constructed
or acquired wetland habitat.  Use of a quantitative model may be required to assess the functions and
values of affected wetlands and waters of the United States.
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Section 3
Conclusion and Recommendations
The Luce Bayou Interbasin Transfer Project has been identified as a means of transferring water from
the Trinity River to Lake Houston to meet future water demands of the Houston metropolitan area.  As
currently proposed, up to 400 MGD of raw water would be pumped from the Trinity River and
conveyed either to Lake Houston or directly to the City of Houston NEWPP.  Engineering and
environmental analyses for the project identified nine alternatives for conveying water from the Trinity
River basin to the San Jacinto River basin.  The alternatives are described in Section 1.

The engineering analysis concluded that all nine identified alternatives are technically feasible of
being accomplished to meet the purpose of and need for the project.  However, the costs of
construction of the alternatives vary from an estimated $160 million to $940 million (2006 dollars).
The cost of construction, operation, and maintenance of the conveyance facility is a critical
component to the economic viability of the project.  Therefore, cost of construction is a factor
influencing the selection of practicable alternatives.  The engineering analysis determined that the
estimated costs of construction for Alternatives 1, 2, and 3 were significantly less than the estimated
construction costs for Alternatives 4 through 6a.  However, the lack of water rights to pump water
from Lake Livingston to Lake Houston makes Alternative 1 logistically infeasible.  Alternatives 2 and 3
were therefore identified as the practicable alternatives to carry forward for additional investigations.

An environmental constraints analysis was conducted for the nine project alternatives.  Environmental
criteria were identified and available data associated with each criterion were obtained.  The
alternatives were evaluated based upon quantitative data and methodology.  The alternatives were
scored using a screening threshold and a weighting factor assigned to each environmental criterion.
A comparison of the scores calculated for each alternative, which ranged from 6.5 to 18, revealed that
Alternatives 2 and 3 scored the lowest of the nine identified alternatives (10 and 6.5, respectively).
The lower scores indicate that these alternative routes have more favorable environmental conditions
or the least number of issues to be addressed as compared to other alternatives.  Similar to the
engineering analysis, Alternatives 2 and 3 were identified as the practicable alternatives to carry
forward for more additional investigations.

Additional evaluation of Alternatives 2 and 3 was conducted and is provided in Section 2.  The
analysis was primarily based on the data compiled during the constraints analysis.  Environmental
data were obtained and evaluated for the general area of the two practicable alternatives.  A segment
of pipeline and canal extending southwestward from the Capers Ridge Pump Station are common
elements of both alternatives.  Alternative 2 would convey Trinity River water through the Luce Bayou
channel to Lake Houston, while Alternative 3 would convey Trinity River water through a constructed
canal south of Luce Bayou for a majority of its length before discharging into the downstream portion
of Luce Bayou.  Alternative 2 would require reconfiguration of the natural channel of Luce Bayou to
accommodate additional flow.  The channel reconfiguration would alter habitat conditions within and
adjacent to the channel.  Alternative 3 would primarily traverse areas in active agricultural production.
A site visit to the project area with representatives of the USFWS and the TPWD indicated that these
agencies would not support the construction of Alternative 2 due to potential environmental impacts to
Luce Bayou.  Because of the disturbed condition of the areas in agricultural use, potential
environmental impacts associated with Alternative 3 (construction of a canal) would be less than the
potential environmental impacts associated with the implementation of Alternative 2 (Luce Bayou
channel).  Based on resource agency concerns and the analysis conducted, Alternative 3 would
represent the least environmentally damaging practicable alternative.  Detailed environmental and
engineering studies will need to be performed to define the elements of the water conveyance project
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and the permitting requirements associated with project implementation.  For example, a preliminary
jurisdictional determination will be needed to identify potential waters of the United States, including
wetlands that may be impacted by the project.  Hydraulic, topographic, hydrologic, and
geomorphological studies would be needed to understand the potential impacts to the environment in
order to develop appropriate compensation or mitigation plans associated with the pumping and
conveyance of water from the Trinity River across Liberty and Harris Counties to Lake Houston.
Cultural resource investigations (archeological and historical) would be performed during canal and
pipeline route studies.  Phase I Environmental Site Assessments or hazardous materials/waste
investigations would provide information to be used for property or easement acquisition.  Numerous
other studies would also be needed for the conceptual and preliminary engineering design for the
successful permitting and construction of the Luce Bayou Water Interbasin Transfer Project.
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